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A polarization-independent reflective grating with improved bandwidth is presented based on
the mixed metal-dielectric grating. The novel grating is composed of the substrate, the metal slab,
two dielectric layers, and the covering layer. The grating parameters are optimized for the special
duty cycle of 0.6 at an incident wavelength of 1550 nm used in dense wavelength division multi-
plexing (DWDM). With the designed grating, high efficiency can be diffracted into the reflective
–1st order for both TE and TM polarizations, where the polarization-independence is exhibited.
Most importantly, the efficiency of more than 90% can be achieved within the incident wavelength
bandwidth of 1262–1686 nm, where the bandwidth is improved greatly compared with the reported
surface-relief single-layer grating. The reflective grating can have advantages of high efficiency,
polarization-independence, and wide bandwidth, which should be useful for DWDM applications.
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1. Introduction

Diffraction gratings can be novel micro-optical elements when the periods approach
the incident wavelength [1–5]. For such high-density gratings, novel optical properties
can be exhibited, such as high efficiency, polarization, and so on. The progress in
microphotolithography and inductively coupled plasma dry etching can make it pos-
sible to produce diffractive grating elements with smaller features [6–8]. Therefore,
high-density gratings attract more and more attention in the aspect of miniaturization
in the resonance domain [9–11], which can be expected to realize special functions
based on their distinctive profiles. Among them, high efficiency can be useful for dense
wavelength division multiplexing (DWDM) [12]. Current DWDM technology can be
realized by thin-film filters, arrayed waveguide gratings, fiber Bragg gratings, and
free-space diffraction gratings. It is interesting that free-space gratings have many ad-
vantages: parallel demultiplexing, stable performance, and low polarization-dependent
losses.
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A single-layer surface-relief grating has been designed at a wavelength of 1550 nm
with the transmissive structure [13]. With the optimized grating parameters, by using
rigorous coupled-wave analysis (RCWA) [14], efficiencies more than 95% and 80%
can be reached for TE and TM polarizations, respectively. Although the validity has
been demonstrated in experiments, the efficiency needs to be further enhanced. More-
over, considering the bandwidth, efficiency above 90% can be kept for the C+L band
with a wavelength from 1460 to 1620 nm for TE polarization. However, for TM po-
larization, efficiency can be kept above only 70%. It is desirable to design a novel grat-
ing with high efficiency and wide bandwidth for both TE and TM polarizations. To
our knowledge, no one has presented the reflective sandwiched two-layer grating at
the wavelength of 1550 nm with improved bandwidth for DWDM applications.

In this paper, a polarization-independent reflective grating with improved bandwidth
is presented for the new grating configuration. The high efficiency can be realized by
the sandwiched structure. And the bandwidth can be improved with the two-layer grat-
ing. Such a reflective grating includes mixed metal-dielectric layers. The proposed
novel metal-based grating can reflect the incident light for the special duty cycle of 0.6
with polarization-independence and improved bandwidth.

2. Polarization-independent reflective sandwiched grating
As shown in Fig. 1, the polarization-independent reflective grating with improved
bandwidth has the mixed metal-dielectric structure. From the bottom to the top, the grat-
ing is composed of the substrate of fused silica, the Ag slab with the depth of hm = 100 nm
and the refractive index nm = 0.469 – 9.32i, the first grating layer of Ta2O5 with the depth
of h1 and the refractive index n1 = 2, the second layer of fused silica with the depth
of h2 and the refractive index n2 = 1.45, and covering layer of fused silica. TE polari-
zation (electric filed perpendicular to the plane of incidence) or TM polarization (mag-
netic filed perpendicular to the plane of incidence) with wavelength of λ is incident
upon the grating with period of d at the Bragg angle of θi = sin–1[λ /(2n2d )], which can
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Fig. 1. Schematic picture of a polarization-independent reflective sandwiched grating with high efficiency.
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be called the Littrow mounting. The mixed metal-dielectric grating can be operated
with high efficiency in the reflective –1st order with the Ag slab coated on the substrate.

The novel grating has the mixed metal-dielectric structure, which has many pa-
rameters to be optimized: duty cycle, period, and depths of two layers. It has the po-
tential to optimize those parameters to achieve good performance. RCWA can be
widely used to analyze the diffraction for dielectric and/or metallic gratings. Therefore,
the efficiency can be simulated with various grating parameters by using RCWA.
Figure 2 shows efficiency in the –1st order of a reflective sandwiched grating versus
grating depths at the incident wavelength of 1550 nm under the Littrow mounting for
both TE and TM polarizations, where the grating duty cycle is 0.6 and period is
1100 nm. One can see that the mixed metal-dielectric grating can diffract TE polari-
zation with the efficiency of  96.44% and TM polarization with the efficiency of  96.25%
into the –1st order with depths of h1 = 0.45 μm and h2 = 0.75 μm. From the optimized
results, the reflective sandwiched two-layer grating can exhibit higher efficiency than
the reported transmissive surface-relief single-layer grating with efficiencies above
95% for TE polarization and 80% for TM polarization [13].

Furthermore, it is necessary to investigate the fabrication tolerance considering less
control of etching conditions. The grating depths can affect the efficiency of both dif-
fracted orders with the variation from the optimized results. Efficiencies more than
95% can still be exhibited with the depths range of 0.43 μm < h1 < 0.47 μm and
0.70 μm < h2 < 0.82 μm. Therefore, it is possible to fabricate such a polarization-in-
dependent reflective grating with high efficiency. During forming the grating mask and
etching in the dielectric layer, the duty cycle may change from the special given value
of 0.6. Many grating-based elements are sensitive to the duty cycle variation. Figure 3
shows reflective efficiency of a sandwiched grating versus a duty cycle with optimized
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Fig. 2. Efficiency in the –1st order of a reflective sandwiched grating versus grating depths at the incident
wavelength of 1550 nm under Littrow mounting: TE polarization (a) and TM polarization (b).
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grating depths. In Figure 3, within the duty cycle tolerance of 0.59–0.65, the mixed
metal-dielectric grating can diffract both TE and TM polarizations with efficiency
more than 95%. Considering the fabrication tolerance, the reflective grating can exhibit
high efficiency with a polarization-independent property for not only the special de-
signed values but also the given tolerance.

3. High efficiency with wide bandwidth

For DWDM technology, the bandwidth of a fiber can be enlarged enormously.
Although many gratings are optimized at a wavelength of 1550 nm for DWDM, some
grating-based elements suffer from the narrow bandwidth. It has been reported that
the two-layer grating can exhibit wide bandwidth compared with the single-layer grat-
ing [15]. The reported two-layer gratings are mostly based on the transmission struc-
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Fig. 3. Reflective efficiency of a sandwiched grating versus duty cycle with optimized grating depths.
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Fig. 4. Reflective efficiency versus incident wavelength for the optimized sandwiched grating with wide
bandwidth under Littrow mounting.
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ture. Such a two-layer grating can also be operated in the reflection by the mixed
metal-dielectric configuration.

Figure 4 shows reflective efficiency versus incident wavelength for the optimized
sandwiched grating with wide bandwidth under the Littrow mounting. For thin-film
filters, high losses can be shown with an increasing number of channels. For the free-
-space diffraction grating in this paper, efficiency more than 90% can be exhibited with-
in the incident wavelength bandwidth of 1262–1686 nm for both TE and TM polari-
zations. The bandwidth is improved greatly compared with wavelength bandwidth of
1460–1620 nm for TE polarization with efficiency more than 90% [13]. Most impor-
tantly, the transmission efficiency can be kept above only 70% within the given wave-
length bandwidth of 1460–1620 nm for the surface-relief single-layer grating [13]. For
the comparison with the single-layer grating, Table 1 shows the grating efficiency and
incident bandwidth for different grating types. Polarization-independent with improved
bandwidth can be achieved by the mixed metal-dielectric grating.

The mixed metal-dielectric grating is designed at the Bragg angle to achieve high
efficiency. With deviation of the incident angle, the efficiency may usually change to
some extent. Figure 5 shows the reflective efficiency versus the incident angle at
the incident wavelength of 1550 nm for the optimized sandwiched grating. However,
efficiency more than 90% can be exhibited within the incident angular range of

T a b l e 1. Grating efficiency and incident bandwidth for different grating types.

Grating type Efficiency Wavelength bandwidth 
Surface-relief single-layer 
grating [13]

TE: ≥95% 1460–1620 nm
TM: ≥80% TE: η ≥ 90%, TM: η ≥ 70%

Sandwiched two-layer 
grating in reflection

TE: 96.44% 1262–1686 nm
TM: 96.25% TE/TM: η ≥ 90%
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Fig. 5. Reflective efficiency versus incident angle at the incident wavelength of 1550 nm for the optimized
sandwiched grating.
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25.7–32.6 deg for both TE and TM polarizations. The polarization-independent losses
can be reduced compared with not only arrayed waveguide grating but also the surface-
-relief single-layer grating [13].

4. Conclusion

In conclusion, a polarization-independent reflective grating with improved bandwidth is
presented based on the mixed metal-dielectric grating. The grating parameters are opti-
mized for the special duty cycle of 0.6. Efficiencies of 96.44% for TE polarization and
96.25% for TM polarization can be exhibited in the –1st order. The polarization-inde-
pendent property can be achieved with high efficiency by the reflective sandwiched
grating. Moreover, for different incident wavelengths, efficiency more than 90% can
be diffracted within the wavelength bandwidth of 1262–1686 nm for both TE and
TM polarizations. The incident bandwidth is greatly improved compared with the sur-
face-relief single-layer grating [13], especially for TM polarization. Since the DWDM
technology has been designed and demonstrated based on the two-layer grating [15],
the proposed reflective mixed metal-dielectric grating is potential to be fabricated and
applied in DWDM with advantages of high efficiency, polarization-independence, and
wide bandwidth.
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